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GENERAL 


Application 


The type 202% Homodyne Reotifier Voltmeter has been ¢.: ig: 
ned for the measurement of a.c. voltage in signals with 
heavy. noise or interference background. Due to the use of 
homodyne /phase - sensitive/ detection the noise- or in-~ 
terference-level may exceed many times this of the test 


. gignal., The type 202B Homodyne Rectifier Voltmeter can 


be used in conjunction with wide- or narrow-band ampli-— 
fiers; particularly suitable are the UNIPAN Selective Mi- 
erovoltmeters 203, 207 and 208. . 

An inherent feature of homodyne detection is the need of 


a "reference signal", having the same frequency as the 


test signal. The >eference signal tor the type 202B Homo- 
dyne Rectifier Voltmeter should have an amplitude of at 
least 0.1 volt; its phase relation to the test signal 


and its wave-shape is of no importance, Any shape is allo 


wed, if symmetrical in respect to zero level and the 

start line, i.e. sine, square, trapezium and triangle wa- 
ves are suitable. In general the reference signal is deri- 
ved from the generator which delivers the test signal in- 


to. the apparatus-under—test. 


The type 202B Homodyne Reotifier Voltmeter when operating 


--in conjunction with a selective microvoltmeter -/type 203, 


207 and 208/ is suitable in physical or electronic rese~ 


arch laboratories for the measurement of smallest L.F, 


gignals, in laboratory set-ups for testing semiconductor 


materials and components, for photometric or spectro~_ 


photometric measurenents . The latter application requires 
additional equipment. 
When combined with a selective micrevoltmeter /type 203, 


207 er 208/ the Homodyne Rectifier Voltmeter is a very 


Be exceptional performance of this instrument is mainly 
- due to the homedyne detector delivering its output into | 


sensitive bridge balance indbeator. | 


Operating principle 


...... the vacuum tube d.c, voltmeter. 
‘The homodyne /1. ee phase-sensitive/ detection principle 


> 


~6- 


is analogue to this: of the commutator rectifier, changing- 


ever the direction of the circuit current synchronously 
with the ‘frequency of the input to-be-reotified, _ 


When an alternating current is passed via the commtator 
»neotifier input its contacts allow the positive half-wave 
to flow through the load; however, when the directioon sf 


the input current is opposite, the contaots change-over 
reversing the load connection, Thus, the current in the 
external output cireuit of the rectifier flows always in 
one direction being thus rectified. | 

The synchronism of commutation frequency with the frequen- 
ey of the current to-be—-rectified is obligatory. Failure 
to meet this requirement gives raise for obtaining at the 
output alternating current, with frequenoy equal to the 
difference of input frequency: and commutation frequency; 
the 4.0. component is zero. | _ 

The condition for optimum commutator rectifying efficien- 
ey f/ratio of the d.c, output. component to the a. c. input 
amplitude/ lies in perfect conformity between the contact 
change-over /commutation/ and the moment when the input 
alternating wave passes the zero line. Or, the d.c, compo- 


a nent at reotifier output will be maximum if the reversing 
' of current flow takes place always when the input a.0. 
changes ites polarity. | 
The greater the phase difference, the smaller will be the 


d.e, component. For a 960° phase difference and sine-wave 
supply /the change-over corresponds to maximum input our- 
rent amplitude/, the d.c, component at the output is zero, 
To generalize, the maximun efficiency of a commutator 
rectifier supplied with sine-wave corresponds to 0° or _ 
180° phase shift’ while for 80° and 270° | the efttotency is 
Zero. — = 7 7 
The operating principle ‘of the phase~sensitive. detector 
in the 202B Homedyne Rectifier Voltmeter is similar to 
this of the commtator reotifier except the. change-ever 
function which is not of mechanical character. This fun- 
ction is provided by an all-electronio eirouit consisting 


| of vacuum—tubes, semiconductor diodes and suitable R— and 
| Ce components. fhe "“ourrent flow change~over” is contrel- 
led externally by a *reference signal" which should be 


~-[- 
synchronous with the test Signal, 
The task of the phase sensitive detector is to piok-out of 
a heavy noise and interference background the desired sir~- 
nal, synohronous with the reference signal, and translate 
it into d.o. output voitage. 
As montioned above, in commutator rectifiers as well as in 
phasge-sensitive detectors only the synchronous component | 
will produce d.c. at the rectifier output; all a.c, compo- 
nents having a frequency other than this of the reference 
signal will prodtce no d.c.,, just some ripple with differen 
tial frequency. The same applies to the noise; only the 
frequency spectrum will be shifted, 
Odd test signal harmonics of higher order and odd subharmo~ 
nics synchronized with the reference ‘stgnal. frequency can 
contribute to the d.c, detector output: However, the effect 
will be the smaller, the higher is the order of these harno- 
nics; additional atténuation will be due to phase differen- 
oc between the harmonics and the test signal alone. _ : 
“A smoothing resistanoce-capacitance filter is inserted bet~ 
ween the detector output ard d.c, vacuum-tube voltmeter | 
input for the reduction of ripple level. Furthermore, the 
filter provides facilities for significant limitation of 
the bandwidth. | 
The test signal is: passed via a phase shifting network desi- 
gned for phasing the test- and reference-signals, the con~ 
trol providing thus means for maximum | sensitivity adjust~ 
ment, | : : 
A. two-way limiter eircuit ~ olipper ~ is used for the sha- 
ping of the reference signal from any. symmetrical waveform 
into a square wave with constant amplitude; thus the volt- 
meter readings are independent of the shape and amplitude 
of the reference signal. 


TECHNICAL SPEC IFICATION 


Frequency range — ¢ Prom 1.5 o/s to 50 ko/s 


Selectivity | } stepwise variable: | 
/oandwidth/ . «0,04 c/s, - 0.1 ofs, 1 c/s, 


10 ¢/s, 100 6/s- /independent of 
the centre frequency/ © 


2.3, Sensitivity ranges $4, 3, 10, 100, 300 volts 
. _ /-10 to +40 dB/ f.8.¢0. 


eo 


+ 3% 5 o/s to 5 ke/s, 


2.3.1, Accuracy 
| + 5% below 5 e/s and abow 


2.3.2, Linearity | | : within 1% of f.s.d, 
2.3.3. Input resistance _ : ca, 240 kohns | 

2.3.4, Minimum allowed signal- | 7 - 

| to-noise ratio. tt 2 10 /-20 aB/ 


— 2.4, Outputs 4 


2.4.1, palanced floating or earthened high-resistance output, 
"+ gouree resistance ca. 2 x 4 kohm, output voltage = 5 
volts, | 7 | | 


2.4.2, balanced recorder or external meter output, load resis- 
| _ tance 2 kohti, available current 1 mA, 


2.4.3, earthened recorder or external meter. output, load resis- 
tance 4 koh, » available current i mA~ polarity positive 
or negative. - ; 


2 


2.5, Reference signal | | 
_ requirements ge sine, square, trapezium | 
| | 7 -or triangle wave. 
2.5.4, input 1 4/ 0,4 to 45 volts into 240 kohm 
- | | “t 11/15 to 150 volts into 2.4, Mohm 
2.8.2, reference voltage a 
| measurement accuracy 1 1/ 28h /0,4 to 15 volts/ 
| os | «B47 440% /15 to 150 volts/ 
/neasurement of the voltage 


applied to the REF, 
VOLT, INPUT 15 - 150V/. 


2,6, Accuracy of the total 
signal voltage measure- — = 
ment/ with moise/ 7 = 10% 


~ OQ. 
JD 


2.7, Phase shift adjustment : stepwise: 0° or 180°, 
——- continuously from 9° to 180° — 
or from 180° te 388 
2.8, Power supply: a 110 or 220 volts, 45, #10, 
BF +20V; 50 o/s 
28,1, Power consumption: ca 100VA 
2.9. Outer dimensions (+ 500 x 220 x 300 mm 
| /20 x 9 x 12 inches/ 
2.10, Veight — ee t 16,5 ke nett 
/3% lbs/. 
3, DESCRIPTION. 
o.L, Cirouitry 


fhe type 2025 Homodyne Reotifier Voltmeter jonsists of 


the following circuits 3; 


Phase Shifter f3.4.4./ 
Clipper — | /3.1.2.f/. 
Homodyne Detector /3,1,3,/ 
Voltmeter 43.1.4./ 


Pover Supply Unit and. + 250V 
Regulator /3, 4,5 af 
“150V Regulator /3.1.6./ | 


Tie bloek diagram /Fig.2/ shows the arrangement of these 
circuits, | | | 
For correct instrument overation a reference signal is 
to. be applicd to.one of the two available input sockets 
marked REF, VOLT, INPUT /SKTI, SK2 in Pig, 1/, The wave~ 
form should be symmetrical in respect to zero level and 
the start line and have an amplitude fitting inte one of 
the two available ranges: 0,41 to 15 volts or 15 to 150 
volts, The "0, 4 45v" socket SKi is connected directly 
to the olipper input. The clinper circuit shapes the in- 
put wave into a square wave with aaplitude being indepen- 
dent of the input level. The square signals at the clipes 
per outputs /G and H in the blook diagran/ are arranged 
to have identical shape and amplitude but opposite pola-~ 


~A0- 
rity. These phase~split outputs are connected directly to 
‘the homedyne detector inputs /G and H in the block diagram/ 
The test signal is applied to the third deteetor input /E 
an the block diagran/ via the SIGNAL INPUT socket 853, in- 
‘put attenuator and phase. shifter. 
For measurement the SIGNAL INPUT socket SK3 is connected to 
_the input attenuator. For reference ‘signal measurement the 
socket is left floating /switch SW5/. The reference signal 
from the "0, i - isv" socket is applied now to the attenua- 
tor input; other contacts of switch SW5 open the earth oon- 
‘neotion for resistor RSi which constitutes the lower arm of 
the reference voltage divider, | 
After being passed through the attenuator the test signal 
is applied to the A input ofthe phase shifter, At points 
Band D of this cirouit /fig.2/ the test signal phase is 
opposite but the amplitude is equal, Tho main ~hase shif-~ 
ting network is comnected between these points. It consits 
.of a group of. capacitors selected by switoh SW2 and a pair 
of series connected potentiometers for COARSE /RVS/ and 
FINE /RV4/ phase shift adjustment /For simplicity in Pig 
only one potentiometer is shown/. Point © of this network 
is connected to the cathode follower control grids; the 
output is taken from the cathode of ‘1n8?F8998%or, caonneoted 
to point BE, Switch SW2 making short point C with point B or 
D provides facilities for aperiodic 0° or 180° phase shift 
ting; the resistance-capacitance phase shifting network is 
left disconnected in positions 0° and 180°, | 
The Signals applied to the three homodyne detector inputs 
E, G and H. are mixed together in the cirouit: the E input 
_ gignal is superposed /algebraically/ Gnto the G input~ and 
H input- signals. The function of G~ and H- signals. in the 
detector bridge is analogous with the change—over function 
in the commtator reetifier described above /see section 
1.2. Operating Principle/. 
Their instantaneous amplitude determines which of the brid- 
ge diodes should reotify the test signal. The rectified ‘- 
test signal is applied via a resistance-capacitance filter 
to the balanced vacuum—tube voltmeter input Ni, N2. Switch 
SW4 provides time constant adjustment. of the resistance- 
capacitance filter networks by selecting the in-cirouit 


ie 
ets 


~44- 

capacity or by using the Miller capacity effect in a suita- 
ble condenser arrangenoent at the vacuum—tube voltmeter in- 
put. Other contacts of switch SW5, not shown in the block 
diagram Fig,2, reverse the voltmeter input connection from 
K-Ni and L-N2,, into K-N2 and L-Ni when the seri ty across 
the KL terminals is changed due to a 180° phase change, 

Microammeter with serios resistor and "+ "~" gutput termi- 
nals are connected to the balanced voltmeter output RS, 

The terminals are designed for oscilloscope, external mi- 
croanmeter or external recorder connection. Constant load 
tornination for the voltmeter output provides switch SW6 
with associated resistors; the load may be balanced, floa- 
ting or earthened, as well as of high or low resistance, 
The Gesoribed circuits are fed by the mains transformer 

supplying suitablo voltages to vacuum—tube heaters and 
u.T, reetifiers, The rectified 2,T, is regulated to + 250 
volts with return lead floating at - 150 volt level in res. 
pect to chassis. The latter voltage is held constant by a 
second regulator cirouit. . 

The remaining part of these chapter deals with the details 
of the individual circuits of the 202B Homodyne Rectifier 
Voltmeter, 


Pag 


Phase Shifter /Fig.9/. 


The phase shifting circuit consists of a cathode follower 
101a/ which separates the input attenuator /switeh SW3 
with associated resistors R18 .... R27/ from the amplifier 
- input /Vi01b and Vi02a/, The task of the amplifier is to 
split the phase of the input signal, The obtained 180° 
out-of-phase signals are applied to the resistanoe-capaai- 
tance network providing facilities for selecting the re- 

- quired phase from the range 0°? . 180°, 

‘The contacts of switch SW2 enable the selection of conden- 
sers in the resistance—capacitance network, according to 
the Signal frequency, The signal developed at the junotior 
of capacitors 01 ,,,, 05 with potentiometer RV4 controls 
the grid of the output cathede follower V102b. In the first 
two ‘positions of switch SW2, marked - 0° and 180° the cathode: 
follower grid V102b is connected . directly to. the cathode of 
the first or of the second cathode~fol lower respectively, ’ 


1 


4) - 
providing facilities for stepwise phase shifting from 0°to 
180° and vice-versa, 
The total gain of the phase shifter /between the input A 
and output B/ amounts to 0,87. To inprove stability triode 
anplifior stage has cathode-grid negative feedback, The 
amplifier is a d.c. = coupled to provide good low frequency 
response, 


Dhe operating peint of the Viota triode is adjusted by nio- 


ans of R102 to shift its cathode voltage to a level. appro~ 
ximating control grid potential of the Vi0ib triode, 
Resistor R107 provides means for balancing the anplifior: 
increasing its value causos inorease of & gain at the 
Vi02a cathode and vioe-vorsa, 


Clipper /Pig.t2/ 


. The task of the circuit is to shape the roforones dasa 


Signal if sine, trapezium or trianglo into 2 u- fuera ove 
with constant amplitude, i.e. with anplitade indopen‘est 
of this of the input for input anplitudes meeting tho ro- 
quirements as outlined under Technical Specifications, 


Square inputs may be used if with an unbalance not eoco- 


. ding + 0 523 otherwise the reference square wave should be 


reshaped into trapezium by means of a suitable intesrating 
network, . 


Additionally, a phase inverter is arranged to revert the 


output square wave phase} finally two balanced square wa—- 


ves are available at the G-and H outputs for driving the 


phase-sensitive detector, . | 

The operation of the circuit is as follows: The input sige 
nal is passed via the V401a cathode follower to the control 
grid fpa/ of the V402 first triode. The V402 is arranged 
into a modified Schmitt s trigger olrouit, Modification | 


consists in using nonlinear coupling between the cathodes 


/diodes D401, D402, resistors R408, R409/ and in providing 
AC-ooupling /C402, high capacitance/ from the first triode 


anode /pi/ to the second triode grid /pt/, The first triode 
‘bias is automatically controlled by a circuit responding 


to any unbalance in the square waveforn, 
Any bias change of the first triode cansed by an input ame 
plitude exceeding the corresponding sensitivity level will 


| = A3- 
produce an apposite change of the first triode cathode po- 
tential via the coupling: first triode anode to second trio- 
de grid and between the cathodes via the diodes. ‘Thos, the 
olrouit is switching quickly into the state with both stage 
gains reduced below unity. This condition is maintained un- 
til the threshold level will be passed again, causing a si-~ 
uilar switching into a symmetrio astable state. It is seen, 
that very high ocitreuit gain corresponds to! grid potentials 
within the thersholds while below-unity gains are establi- 
shed for signals. outside this span. The trigger sensitivity 
is variable by means of RV401, The trigger followed by the _ 
V403 triode cathode follower, delivering the square wave to 
point G..The square wave unbalance detector, comprising dio- 
des D403, D404 and resistors R418, R419 is supplied from 
a divider in the eathode circuit of the cathode follower, 
Here, the mean valuos are compared with the negative and po- 
sitive peaks, .producing an error signal at the junction of 
| R448 and R419, The error signal is amplified by the V403 
pentode to establish its anode potential at a level as re- 
quired for biasing tho trigger to produce a 1:2 waveform 
duty ratio, | 
The V403 pentode is used simmultaneously as capacitance mul- 
tinlier in respect to C405, connected between its anode and 
control grid, The resistors 2418, R419, R420 combined with. 
ne Miller capacitance compose a long time constant —~ | 
low-pass filtor. Rosistor R404 with capacitor C401 are in- 
Cluded to integrate the bias of the V402. trigger, 
Tho time constants of tho integrating netvorks in the olip- 
per are rather long, To inoreasse their charging speeds after 
svitohing mains on, a diode D405 and a potentiometer: RV402 — 
supplied from the voltage divider R424, R4d5, R426, 2422 are 
inoluded, With the anode of V403 pentode being at a poten= | 
tial lower than this of the anode of D405,. the latter will | 
conduct by-pasgsing the nentode § anode resistance, reducing 
So the pentode gain and inoreasing the charging specd of 
C405, | | | 
During normal operation, the potential of the diode anode 
should be established ca. 1 volt below the pentode V405 ano- 
de to provide reverse polarization of D405 and thus to iso-. 
Late the V403 pentode anode oireuit from the voltage divilar 


oo - Aye 
The square wave inverter uses the V40ib pentode, The stage 
gain is being kept at unity by the negative feedback loop 


-*8430, R431 between anode and the control grid, With inputs 


small, or with no input signal at all, the trigger may os- 


cillate at a V.L.F, to maintain high sensitivity and to 


allow fast synchronization with any. input having the mini- 
rum required amplitude. 


‘Homodyne Deteotor /Pig.10/ 


The homodyne detector consists of two identioal anplifiers 
employing double tubes ECF80 /V201 and V202/ and the main 


detector bridge with semi-conductor diodes D201, D202, D203 
and D204, There are three. inputs: E, G and H, The test sig- 
nal is applied to input B, while G and EH are. supplied by 


the reference square-wave, Tho signal amplitude is superpo- 


sed onto the square-wave across resistance neivorks conneo- 
ted botyween B-G and E- H. The twe new established sig- 


nals drive the V201 and ¥202 triode cathode followers cou~ 


pled to assiociated pentodes by common cathode resistances. 
Thus, the main rectifier bridge is supplied with the test 


‘Signal superposed on the square-wave, amplified by the 


 -pentode sections of V204 and V202. The operating prin- 


ciple of homodyne detection was already dealt with in 


section 1.2. The rectified signal is developed at the de- 


tector output terminals K-L, The square-wave voltages 


‘with correctly balanced bridge cancel at its output. 


To compensate the bridge against diode characteristic va= 
riations and to stabilize the sain of the homodyne recti- 


fier circuit a negative feedback is applied grids of the 


pentode sections. 

Potentioneters RV201 and RV204 provide means for shifting 
the operating point of amplifiers V201 and V2a0e. 
Potentioneter RV202 provides test signal gain adjustment 


in both amplifiers by changing the amount of negative 2oec= 


back, The adjustment does not change the gain for the squa~ 
re~-wave signal. — 
Potentiometer RV203, adjusting the anount of negative rooc- 


back for one of the amplifiers ie uged, for balancing the 


Aetector cirouit at syamotrical squaro=signal supply at 
points G and H, The adjustment applies to the test signal 


| AB 
gain as well as to gain of the square-wave’ signal. | 
Trimming capacitor C207 is for flattening the frequency 
response of the negative feedba ck channel. | 


3.444. Vaouun-tube D D,c, Voltmeter /Fig., 44/ 


The. cirouit of the d.c. yaouum—tube: voltmeter is ; halanced 


_ throngh-out, The voltmeter inputs are connected to the de- 


tector output via rosistance-capacitance filters Avitnh 


stepwise variable capacitanceg/switch SW4/, which determi- 
ne the homodyne detector selectivity/ and via switch SW5 


reversing tre polarity according to the phase-shift bet- 
ween the test and reference Signals. — 


The first voltmeter stage is a differential cathode-coup- 
led amplifier, V301, Its anodes are .,¢.~ceupled via resi- 
stance divider to the respective input grids of the output 
cathode followers arranged on double triode V302, The | 
moving-coil d.o, meter All/ with an associated resistor | 
system is connected across the cathodes of the output ca- 


thode followers; the resistor system with switch SW6é ena- 
‘bles the external connection of output load /meter, recor- 


der/ to terminals TLi, TL2, TL3; the load arrangement may 
be balanced, floating or oarthened, The front panel poten- 
tiometer, RVG /ZERO ADJ,/ is provided for meter zero ad- 


justment. The output potential of terminals TL1 and TL3 


in respect to ground can be adjusted by means of the po- 
tentiometer RV2, at the front panel; the latter being ai- 


so used. in no-signal condition for bringing the potential 


to zero, 


Power Supply Unit and 250V Regulator /Pig .13/ | 
The unit consists of the mains transformer Tr501, two seé- 
lenium rectifiers MR501 and MR502 and a H.T, _Teguiater, 


employing V501i, V502, V503 and v504 tubes, | 

The transformer primary comprises two identical 110 volt. 
windings and an additional 5; 10 and 20 volt windings, 
providing correct transformer tapping.fer 110 volt + /0, . 
5, 10 or 20/ volt or 220 volt + /0, 5, 10, 20/ velt mains. 
The transformer primary circuit is proteocted by means of. 
fuses FS504 and FSS02 arranged so, that no rating. change 


‘dis required when changing-over from 220 volts to 110 volt: 


~ 


-Ab- 


There are seven windings at the Tr5doi secondary, Two of 
them supply the reotificers M504. and NR502, while the rema‘ 
ining deliver L.T, 6.3. volts with various current ratings 


or vice-versa, 


for a11 valve heaters through-out the instrument. L.T. for 


the V301 in the vacuum tube voltmeter circuit a8 Kept con- 


Stant by means of the V505 barrettor , 


The rectified H.T. is derived from the series connected 
outputs of rectifiers IS01 and HR502 and smoothed by cho~- 


ke ~- capacitance filter consisting of an iron—cored choke 


= : 
r + 


and condensers C502, C501 and C503. 
Initially: smoothed H.T, is delivered directly to the ano- 
des of the series tubes V501 and v502 and via resistors 

~R505, R507 to the their soreen grids V502 and V501 which 


are connected in parallel are controlled from the output 


of the regulator d.c, anplifier enploying a double-triode, 


V503, The error signal for - the regulator is applicd bet 
ween the grid and the cathode of the amplifier /pin 2 and 


By respectively/, The. errer signal is establishod a8 a po- 
tential difference betwoon a reference voltage derived 


from the voltage reference ion-disoharge tube V¥504 /ap~'. 


plied to grid, pin 2/ and a portion of the H.T, output 


/appiied to. cathode, pin 3/ tapped from the voltage divi-, 
der R508, R514, R513, R544, — 
To improve ripple smoothing the cathode /pin 3/ of tube | 


| _V803 is shunted by the electrolytic capacitor C500 to the 
"4" rail of the regulated H.1, output; the grid /pin 2/ 


and the cathode /pin 8/ of the seoend triode are shunted | 


_ by condensers C506_and C504, Fespedtively to the ©" rail 


of the regulated HT, output. Further ripple anoothing is) 
accomplished by condensers C507, C508 acress the tT, out~ 
put, | 


.. An additional regulator cirouit is fitted, comprising 
| Zener diodes D501 and D502 and resistors R524, R525. The 


3.1.6, 


D502 anede is connected to the electronic regulator output 


to increase the regulated ‘voltage at the D504 cathode. — 


‘the ~ i50V Regulator /Pig. 44/ 


The circuit ig mounted on a- canmon chassis with the vacuum 
—tube voltmeter, It is used to maintain the return lead of 


min 
the +250. Volt H.T. at a potential ef «150 volts in respec 
to earth, The circuit consists of a twovstage amplifier | 
/double-triode V303/ and a variable resistance /constitued 
by the parallel connected triodes of V304/ inserted 1u se~ 
ries between the "+" rail and the earth. Interstage soup- 
ling consists of the resistance voltage dividers. The oir- 
cuit compensates for current distribution changes from the 
H.T, "4" to earth and from earth to HT. "=", maintaining 
at 150 volt the voltage drop across the cemporents connec~ 
ted between the carth and the H.T, %= ", The value ef the 
regulated voltage is determined by the voltage divider 
‘R327, R318 and R330, delivering control voltago to the 
first anuplifier stage. | | 
The resistance-capacitance filter comprising G305 and Ro2L 
is designed to avoid 0,F, parasitic oscillation. . 
Another resistance voltage divider consisting of R332, 
R333 and 0303 maintains the heater cirouit potential of 
the valves /whioh have their cathodes at a negative poteu- 
tial in respeot to sround/ floating at an approximately 
mean .level, The circuit protects the cathode-heater insula- 
tion, maintaining the cathode-heater voltage for the tubes 
V201, V202, V401, V402 and V403 below the maximum ratings. 


(8.2, Construction 
The mounting frame of the instrument is camposed of Light= 
~alloy parts and form-sections of bounded stecl sheets, 
Although compact design and modern styling the arra angzemnent 
provides fast access to ali circuit conponents and easy 
mounting and denounting procedure, The cabinet consists of 
the top and bottom covers and removable rear—panel, fixed 
by six sorevs, Each of these parts has separate fixing. 
' The cover fixing screws are accessible at the instrument 
pottom, | — | 


3.3, Accessory equipment 
Pho ins trunent is delivered with the following eguipmont 3 


| 4 pos, coaxial plugs type Bhim’ /0 . 
re pos. spare fuse inserts type Bt-20/5-1A. 
\,A po. Instruction Manual, — | 


ff emacs satmament maretope. 


4 ormarime INSTRUCTION 


“4d Preliminaries 


| 4. 1. 1. Before connecting the instrument to. mains matce sure that 
3 the mains sélector switch AMVS 501, fig .13/ Setting com 
plies with the looal mains voltage, When leaving the facto- 
. xy the instrument is comected for 220 volt supply. | 
‘If the conneotion at the mains tapping panel of the instru- 
ment. does not comply with ‘the local mains voltage, proceed 
as follows, - | 


CAUTION 1 Malte sure that the mains plug torminating the 
en instrument mains Cable is disconnected from the 
mains socket. 


4.1.1.1, Remove the’ cover panel at the instrument rear, olearing 
oe _ the fuses and the mains selector switoh, | | 


4.1.1.2, ‘Adjust the two selector Links to a value closest. to the - 
. available mains voltage. 


4.1.1.3, Replace the cover panel. — to | : 
. NOTE: When ohanging-over from 220 volt + + 20° volt to 140 
‘volt + 20 volt or vice-versa the fuse rating nay re- 
main unchanged , | 


4.1.2, Set control knobs as follows: 


4.1.2.4, The mains switch /in the upper left-hand corner at the 
front panel/ - to OFF, a | 


4.1.2.2, The OUTPUT switch /below the mains | switeh/ 

‘= to C.R.0, /oathode-ray-0801110s00ne/ 1f a C.R.O, or 

other high-impedanoe-input instrument is required to be 
onnected across the "4" non output terminals. i 

p= to "4" or ". t ifat kohn meter er recorder. is required - 

| to be connected | across the +" or "0 terminals, according - 

to its polarity arrangement, | 3 . 

Se to 4" for balanced supply /tor 2 kohn load/. 


t 1.2.3, METER ™ smpron switch ~- to ZERO ADJ, 


A.4.2.4, 
£.41.2.5. 
4,1,2.6, 
4,4,2,7. PI 
4.1.2.8. 


4.1.2.9, 


442. 


~*~ Rar set 7 ck ee ct ens ae 4 TP Ea ay at 
SELECT TTY arbaae - BO 2 


SENSITIVETY switch ~ te 
PHASE SHIFT /FRIQUENCY RANGE switoh te 0° 


their position, 


Check meter zere. 


Gperation 


Wr” Or 


Amel. 


8.2, 


a“ 


B®, 


abe 


pe? 


Pow nay be ewitehed on et the DP 
Power may be switchs the sre 
eedure outiined in se@atics 


switoh fupper Lattehbans 


THE. LS 


ef he front pancl/ to ON, 


The contral. lamp 


ted 


teh wall light. 


y ES 
+, Allow the > 
iS minutes and adjust 


Approximate ‘Ly go 
pointer will ° 
instrument 6 


Ahe goatre) ZERO ART. uwnbil 
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Apply the reference SLES SE 
INPUT sookets /lowss leftha 


33 
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according $o thie we 


Bas lt: 


“i p whe Pe 
&: gah aah 
“ Ca 
¥ € a 
3 WG. - le 


Check and readjust meucs 


ie necessary, and set the 
METER SELECTOR swivel to ouTPDT o°, <2 there is a meteor 


indication and for the reading is not atabie, change-over 


to socket "0, do AY? Thg cdeteatoer balance can be gas: 
ted by means of pole: 


ner of the instrume 


ef 


time constants in 
shouid be changed 
to OUTPUT 180° te 


re ee SPENT. Tyee he ‘¢ # wd to hh 
Sat the MEPRE SMLMPOR eeaitoh 


sero adingstmont is sore 


seek gots oe te Man 
Pe a 


yenain unchanged, Pho meteor reac: ~ $f any ~ shows lia 
sufficient zero adjustacet / 


ference signal /4,2.4., 


20° 
4, 2.6. ‘With voltmeter Zero adjusted [8 3 ./ and detector bridge 
_ balanced /4.2.5./, the main measurement ean ‘be ‘commenced . 
Apply the test signal to SIGNAL INPUT socket, got the ME 
- ‘TER SELECTOR switch to INPUT VOLT /x10/. Change step-by- |. 
(~step the position of the SENSITIVITY switeh beginning | 
fron OFF and watching. the. meter, until the reading is abo- 
ve one ‘third of f.8. a. In this condition the meter indica- 
. tes the value of the applied signal,- and the instrument | 
sensitivity is one-tenth of the value read at the SENS IT I- 
ViTY switch position, Without changing the SENSITIVITY 
 switoh position change ‘the METER SELECTOR te OUTPUT 0° or 
to OUTPUT 180° i? the obtained deflection was leftwards | 
from adko, _ oe | 
To provide correct reading set the FREQUENCY RANGE switeh 
to ‘tle position corresponding to the test signal frequency 
and. adjust the COARSE and FINE PHASE SHIFT controls to ob 
tain maximum meter reading. Read the measur. ~nent result - 
from moter seale and ‘SENS ITIVITY switoh position. 


NOTE 4: If the meter indication is unstable, increase in+ 
| strument selectivity by. setting the SELECTIVITY 
control to 0,1 o/s or 0,01 o/s, as required. — 


NoTE 23: A Zener diode protects the meter from overload 
f/fer both directions/; meter readings | leftwards 
from zero are immaterial; only the rightward rea~ 
dings are true, from zero to f.s.d. The protecting 
cirouit does not cover external devices connected 
to output terminals, thus reduce always their sen- 
sitivity when changing the switeh positions of the 
instrument or when adjusting the phase. shift, 


NOTE 3 : The Homodyne Rectifier Voltmeter type 2028 is de- 
me signed for the measurement of signals with signal- 
 mto=noise ratio down to 1/40. Thus, never inorea- 
se sensitivity above this SENSITIVITY switch set- 
ting at which the total input /aain signal + noi- 
se/ was measured, The need of further sensitivity 
inorease when measuring the main signal shows on- 

ly that the signal-to-noise ratio is bélow 1/10, 

_ and the measurement at a more sensitive range 
will produce significant error, The noed of redu- 


4.2.7 


“oing the sensitivity shows that the signal-to- 
noise ratio is better, 


For the measurement of the reference signal voltage 


2 ewiton the METER SELECTOR to REF .VOLT. /x i, x 10/, Set 
ss the’ PHASE SHIFT/PREQUENCY RANGE switch to 0° - if the re- 
ference signal frequency is within the range from 50 o/s 


to 5 ke/s ~ or into a position corresponding to its actu~ 
al frequency, if it excecds this range; for the latter _ 
case oaguse the COARSE and FINE PHASE SHIFT controls to 
obtain ma inurl meter reading. The SENS ITIVITY position 
should be selected acoording to the value of the reforen- 
ee Signal voltage; the calibration is true for the "0,1 - 
45V" input; when using the. "45 — 150V" inpud multiply — 


; the reading py the factor of ten. 


Potentiometer nV2 is for the no-signal adjustment of the. 
potential at the i+" and "." terminals of the instrument: 
/MBTHR SELECTOR switch in position ZERO ADJ/, 

This float/Ppotential can be adjusted to the earth or an 


& 
~ 


tapproxinately earth" level, the latter case vroviding 

zero packing-off for an external meter. With correetiy 

adjusted voltmeter zero the potential of both terminals 
is shifted simaltancously. 


The position of the SELECTIVITY Switch should be always 


adjusted to a value at least 10 tines below the test sizg- 


"nal frequency, or in presence of hunting due to beating 


with an interforence frequency, to a position for which | 
the hunting is mininun. | 

Proper selection of instrument seleotivity is the more 
important, the heavier is the noise and interference 


; background, 


4,210, 


The maxinum anticlockwise. position of the COARSE and 
FINE PHASE SHIFT controls corresponds to zero phase shi- 


£b to the test signal, If the test signal frequency is 


at the upper .limit of the range selected by the FREQUENCY 
switch, always commence the phase siift adjustment 


with the FINE control knob, covering the range from 0° to 
90° 3 if, however, the test signal frequency is at the lo- 


wer limit, and if it is required to obtain a phase shift 


. 2d- 


- in the range from 90° to 480° ; set the FINE control mid- 


traverse and adjust Slowly the COARSE control to obtain 


- maxiomm meter reading; to ensure that the adjustment is 


precise tune off the FINE control left and right noting. 


that reading is always decreasing. All adjustments for the 


COARSE and FINE controls should be- executed very slowly; 
it is particularly important when operating with narrow 
selectivity. This. ‘is also due to the fact that the phase _ 
shift adjustment is very steep from 0° to 400°, while ra- 
ther moderate in the range from 100° to 180°, When the _ 


‘PHASE SHIFT / FREQUENCY RANGE switch is in 0° or 180° posi. 


442,41. 


_ ‘Vion, the COARSE and FINE controls are out of circuit, 


The functions of the PHASE SHIFT / FREQUENCY RANGE switch 
change-over from 0° to 180°, and the change-over of the 


‘METER SELECTOR switch from OUTPUT 0° to OUTPUT 180° are 


- different, The former causes the phase .to ehenge indeed, 
while the latter reverses only the polarity of the reeti-’ 
Pied detector output, as applied to the vacuum—tube volt- 


meter, However, inspite of. different function ting the — 
effect remain sinilar. | 

Switching off =. | | 

_ Before switching the instrument power off: 

Set the SENSITIVITY switch to OFF. : 

Set, the METER SELECTOR switoh to ZERO ADJ, a 

‘Switch mains OFF. 

- Remove the mains plug of the mains socket. 


. Replace the Plastic instrument ‘envelope. 


MAINTENANCE 


Calibration check. 
Prepare the instrument for measurement proceeding as outlir 
ned in section 4.1.2. 


_ Apply iV /em.s/ + 1%, 1 ke/s sine-wave to the not — i5v" 


BEF .VOLT. INPUT /see 5.4. - Apparatus required for tests/. 


Switch mains ON and proceed as in section 4.2.2., 4.2.3., 


| 462.5,, 4,.2,7, adjusting the SENSITIVITY switch /SW3/ to 


. - 235- 


iV. If meter reading shows an error exceeding + 3% of 


_ f.8.a, proceed as follows: _ 


» Switoh. mains ‘OFF and disconnect the naine plug. fron power 


- ‘sooket. 


. Dismantle the instrument /section 5, 2. below/.— 


 Switeh mains ON and check the ‘following supplies: 


, 3, volt L.T, /neaters/ 


+ 100 volt HT. fonaise/ 


| a 450 volt HT. | 
by means of a. suitable multi-range tester and measure the 
- ripple ab the + 100 volt and - 150 volt suplies; for both 


Cases the ripple voltage should not exceed 5nV peak—to- 


 mpeak.. During the measurenent a i-volt 1 ko /s. reference 


signal shou2s be applied to the 0, 1 - 15 volt socket. 
Ife: the results. differ from specified values, inspect the 
power supply & 250 volt regulator unit /item 5.5.4.7 and 


_ the -150 volt regulator /item 5.5.2./° 
. . Test the performance of the phase shifter fiten | 5.5, 4, / 


, “Pest the ‘performance of the homodyne detector /iten 5.5.5y 


Test the. performance of ‘the vacuum—tube voltmeter /iton 
5.5,.7./ _ 


/, Tost the performance of the clipper /iten 5.5.8. / 


Disnantl ing the instrament 


To gain acesss to the components and parts mounted inside 
the. instrument it is necessary to remove the rear panel, 


and the separate top and bottom covers. 


‘Before the removal of. the roar panei remove the small pa- 


nel fixed to it by two screws, It facilitates to pass ‘the 


mains plug through the rear panel. 


Undo the six fixing screws, looated at the corners -and in 


the middle of the longer edges, and remove the rear panel 


Undo the four fixing scrows, located at the instrument | 


bottom and Femove the bottom cover. . 
- Undo the four top. cover fixing screws, “1irt the cover out 


from ites gnides and remove carefully expanding externally 


7 its bottom edges, if required. 


~ 


6B. 3% Disassonbling 


a. 


the individual instrument assemblies | can be removed se- 
 -parately after opening their Soldered connections with. 

the remaining assemblies. 

The power supply and 250 volt regulator unit is fixed 
by four serews to the two sections connecting the front 
- and rear frames lower, at the L.H. side of the instru- 

mént. Further assemblies are fixed to the rear frame 
- top and botton transverse, _ 


4, Apparatus required for teste. 
pps listed 


The below instruments will be needed to. follow the test 
procedures outlined in the next sections of this chapter 


5.4.1, Maltirange testor grade 1 .5/2.5. for d.o, and a.c. volta- 
ge and current measurements with an internal resistance | 
of at least 20 kohm per volt. 7 


5.4.2. Sine-wave generator delivering 0 to 20 volts at 4 o/s 
a bo 50 ko/s.- | | ee 7 
5.4.3. €, RO. ‘with frequency response d.c. to at least | 500 

_ _ ko/s and sensitivity ef at least 50 nV ‘per om. 
Baek Standard voltmeter, grade 4d providing measurenents of 
4.0, voltages from 0 to 10 volts at 1 c/s to 50 ke/s. 
The following apparatus will facilitate tobias? 


5.4.5, Variable. transformer handling at least 200VA. 
‘5.4.6, Vaouum tube voltmeter for 0 — 300 volt d.o, 


8.4.7, A dio, source, variable from 0, 3 to 0.7 volts. 


«BB Schedule of tests. 
5.5.2. Power Supply and 2500 Regulater t Unit /Pig.t, Pig. 43/. 
' Connect ‘the. muitirange: tester ‘get to 500 or 600 volts 
7 petween the "-" rail of the power supply /"-" teater 
_terminal/ and the anode of V501 or V502, i.e. pin 7 
/"+" tester terminal/. The meter should read 320 to 400. 
volts; 350V is nominal at nominal mains voltage and no- 
minal power. supply load. 7 


‘NOTE 4. ~The #.# rail of the power supply floats at -150 
volts in respect to earth, | 


| a 15- 
tf the reading exceeds the stated limite, | 
oheck the veotifier, The voltages aoress C507 
and C502/4 should be similar and their sum — 
should lie within 330 ~ 410 volts, Great. di- 
fference signifies the damage of one reotifier 
while too small sum to rectifier over=load, — 
‘The regulated voltage should maintain between 
248 volt and 252 volt with all mains voitage 
values within + 10% of the nominal, | 

- TF the voltage exceeds the said limits, measu- 
re the voltages at tube pins /Table i/ and the 
ripple voltage at the output by means of a ca- 
thodé ray osoilloscope; it should be below 
5uV peak-to-peak. Oo | 

5.5.2. The -150v. P-Zalator. - | | 
Connect a d.¢, voltmeter adjusted to 1.5V £.9.d. acress 
- resistor R,331, The voltage drop across the resister 
should lie within the range of 0,25 to 0.75 volt, 
If the voltage drop is out of these limits it signifies 
that. the normal current distribution between the cir- 
cuit ‘supplied from #4100" to earth and the cireuits 
across "-{50V" and carth is distorted; shunt R 305 to 
reduce the R 3341 voltage drop, or alternatively, insert 
@ series resistor betwoen the -150V rail and earthto 
inorease the R 331 voltage drop,if the potential of the 
~150V rail still fails te maintain at its nominal value. 
| | measure electrode voltages at tube holders /Table 1/ ané 
’ | locate the fault, 


5.5.3, Input Attenuator Jewiton S73 /, /Pig.8, Fig, 9/. 

| Switch mains for the Honodyne Rectifier Voltmeter. OW. 
Connect a vaouum—tube Voltmeter /GM 6012 Philips/ to 
cathode /pin 8/ of tube Vi0la. Conneot the sine-wave— 
generator set to 1 ko/s te the junction of resistor R25 
with R26 and set the SBNS ITIVITY /8W3/ switch to 100V. 
Adjust generator output to read 3,16 volt on the volt- 
meter, Reset the Switoh SW3 to SOON; the volineter sho- 
uld read 1°V, . 
If the error exceeds + 0.5% proceed as follows: 


5.5,3.1. Cheok /use a Wheatstone-bridge/ the value of #26 with 


5.5.5, 


5.5.4, 


5.5.4.1, 


Debed. 


5.5. 


a 


me) b< 
SW3 in. position OFF, SW5 in any position except REF VOLT, 
INPUT, , socket SK3 open-circuit, The value of R26 should 


be 1,6 kohm + 1%, 


Select a value for R18 with which the voltmeter reading 
is 1 volt + 0.5%, Apply the generator output to the june- 
tion of R24 and R25, Adjust generator.output. to 3,16 with 
SW3 in posation 20V. Rest SW3 to 1OOV; the voltmeter sho— 
uld read 1 volt + 0, 5%, Seleot R19, if necessary, 
Follow the same procedure for the renaining position of 
SW3 changing the generator connection and selecting the 
values for R20 and R2i, 


Phase Shifter /Fig.s, Pig.9/_ 

Inspect the connections of switoh SW2 and of associated 
components to points B, © and DySwitoh mains ON. Apply to. 
point A 1 volt at 1-kce/s, Connect the a. CG. vacuum-tube 
voltmeter /GM 6012 Philips/ to point EB, 


-Check d,c, voltages ‘/Table- 1/ using ad.e@, vacuum-tube 


voltneter, 
The anode voltage of V101b /pin of ean be adjusted by e- 


ans of resistor Hio2. 


The gains of both stages /Vi0ia and Vi02a/ should be equal 
To cheok the gain of Vi02a proceed as follows: 


Set SW2 to 0° and note the voltmeter /oomnected to. E/ rea- 


ding #5 


2s 


Set SV¥2 to 180° and see if the reading remains” unchanged. 
f2 the readings differ by nore than + 2 0108 attest the va- 
lue of R1Q7. 

The total gain, i.e, the ratio of the a.c. voltage at po~ 
int B to the a. ©. voltage at point A should be at least , 
0,85; should the gain be lower reduce the value of R107; 
note, however , that if the d,e. voltages at pin 2 and pin 
8 of V101 differ fron each other, the change of R107 will 
thange the anode potential of the pentode Vi01b /pin 6/} 


.this may be. “compensated by altering R102. 


Homodyne Detector /Pig, tre, Fig.10/. 
Check the d.c, voltages /vacuun-tube voltmeter/ at the 
individual vacuum-tube electrodes accoftiing: to Table 43 


the operating point of pentode V201 can be shifted by 


22d 
req 


means of potentioneter ‘Bv201, while this of the pentode 
w202 by means of _Rva04. 
With a i volt, 4 ke/e. aine-wave applisa— 20. the 0 ot a is¥ | 
REP, VOLT. INPUT sooket see at the @.8,0. #63 jen, that the 
signals at. points G and Hare of equal amp ttade wt oppe~ 
gpite phase, . ; 
No square-wave at G or 8, or “ateeerent amplitads sigetty 
a fanit in the olipper § strouit: oneck the olapper: eirontt 
fitem 5.5.8/. - ~- 
Connect the C.BLt. input to the junction ot reatotors R246 
with R216, and next te ine junction ot n2et with Reis. and 
see that at this points the square wave signals ‘oppose eaoh 
other and cancel, The adjustment 138 by RV 
Tf the adjustment, ef avi gives no Satie “ying result, oon 
neot the ¢.R. 0, input to point E and adjust RVi to obtain 
nininum square-wave anplitude. at Br having ne sensitive 
6.8.0. reneve the tube Vio2 in the phase snifter $e elimi 
nate. the infinence of the eutpas resistance af the triede 
¥i02 eathods follower. Adjust potentiometer HVA to ebtain 
minimum square-wave auplitude at peint B and reconnest: the 
C.8.0. input te the junction ef resistors R215 and B26, — 
or R217 and 218; adjust RVZ03 to entain. somplete cancelling 
of the square signal at the test points. Diseannect the 
C,.8,O, and readjust potentiometer RVZ0S to obtain zore rea 
ding on meter Mi with METER SELECTOR switeh {sas/ set te. 
0° er 180°, If the adjustment of potentiometer I RVZ03 gives: 
no satisfying results oneok tubes V20i and v202, repiase. 
by new ones, if necessary, and repeat the above procedure. 
Taving completed the bridge balancing in respect to the. : 
square-wave signal set the MAPER SELECTOR awiteh te REF, 
VOLT. INPUT and apply i volt. + 4%, 4 ke/s gine~wave to the 
*O,4 = Lov" input te the instrument; the. switch . PHASE SHIFT, 
FREQUENCY RANGE. should be in position 0° e ‘and the SENSTTI- 
VIT¥Y switch in position iV, Do, voltages, as measured at 
the janetion of R215 with R216. and R247 with R218: with a - 
. vaouun-tube voltmeter should amount te + 0, 5. volt and = 0.5 
volt respectively, while the meter Mi should read. a volt. 
The. detector gain adjustment in respect to a, Oa signals 
applied to point B can he achieved by means. ef potentione— 
ter HV202, which is adjusted to obtain a i volt meter rea~ 


| 26- 


ding. 


- potentiometer RV202... cheok. the mioroamr 
: 5.5.6 ./ and the vaouum=tube voltneter Aten 5.5.7, /. 


If the t volt reading can not be reached by adjusting the . 
noter circuit ftom 


, Microamneter Cirouit /Pig.8, Fig.11/. 


ag Mi meter should read 1 volt with 10 volts acrass the 


points R /xf and $ fmf. To check the micreammeter outside 


the vacuum—tube voltmeter, disconnect the instrument mains 
supply, set SW6 /Fig.i/ to + + RECORDER and apply DC /ea. 13 
¥volts/ to TLA1. and TL. Adjust the applied voltage to read 


+40. volts + 1% across points R-and S /comnected to Ri and 
ORB, respectively/. Select. the value of 3 and RG for the 


5.5.7, 


meter to read "4" exactly. — 


Vaouum-tube Voltmeter /Fig.5, Fig.t4/. 


‘Conneot ad, 6. voltmeter with at least 20° keohm per volt, 


set to 10 volts f.8,d. across Tid /+/ and PLZ. 


Set he METER SELECTOR ZERO AL 
‘swith to RECORDER. Adjust the gero 6f meter Mi by mea: 
the ZERO ADS, eontr 


) ADS, , and the OUTPUT 
“ie of 
the Zere of the connected volt~ 


*¢} 4 rl aun 


| meter bY means of the potentioneter RV2 inoreasing the velt- 


neter sensitivity gradually, Resonneot the voltmeter nega- __ 


tive terminal to TLS /-/ and set its range to 10 volts, 
| Disconnect. the soldered lead to NL and apply <0, 5 volt to 


‘this point, Meter M4. should read apprexinately 0, 5 volts 
on ite 0 ~ 1.0 soale, oe ts 

‘The external voltmeter should read ten times more, 1.8. 
approximately 5 volts. The Homedyne Reotifior Voltmeter 
output resistance at this condition is ca. 9 kehn, thus the 


| external voltmeter reading has an errer due to the ratio of 
the output resistance /9 kohm/ 
00. See ti 
‘ground | 
=2,5V. If the readings differ by more than 20% from the ‘said 


te voltmeter. input resistan— 
nat potential of terminal TLi /+/ in respect to 
is oa. #2,5V and this of the terminal TL3- fn] 08. 


- values check vaouum-tubes and replace by new, if necessary. 
- After replacement adjust ‘balance by means of R301 or R303. 


5, 5. * 8. 


oo Apply - 4 volt, ft 


‘Olipper /Fig.6, Pig.12/.. 
ko/a sine-wave to input Wy connect the 


 €,R,0. input to point G or H, Note that’ the oscilloscope | 
_ pattern is square, i.e. the "on" time should equal to the — 


ee 29- 
Sor?" tine, ; : / 
The best procedure to cheok this condition is the folle- 
wing: synchronize the C, 2.0, time base. genorater with an 
odd multiple of the displayed halfwave, ta. ‘preduce & eon 
pined display of two, 190°— shifted halfwaves, Vertical 
pulse edges covering each other indicate balanced waveforn 
Vertioal edges covering each other at intervals correspon~ 
ding to fullwave only indicate rectangular wave. Ne edge 
coincidence indicates allways faulty time base synohroni- 
gation. oo, ee 7 
vith unbalance exceeding 4 1% cheok d.o. voltages at vacuum 
tube electrodes /Table 1/. Shonld these differ from those 
given in Table 1, cheek V403 and replace if necessary by 
a new one. 
After having replaced the ¥403 it may be necessary ‘to al~- 
tor the value of R419 to restore square wave balance. 

it should be born in mind when cheeking the clipper, that 
with a reference signal applicd te, input /t/ at aleve} 
peing the threshold,, osoillat for ‘may be observed, 
Clipper sensitivity is variable by means of RV401; sensi-. 
tivity is inoreased by inoreasing or by decreasing. the 
setting, according to the. performance of V402. | 
Sensitivity should he tested at the lowest instrument fre~ 
quoncy, After replacing a ¥402 see that the voltage at the 
nV402 moving centaot is oa, 1 volt—helow the v403 anode 7 
potential; reset nV402 if required, 

Mean potentials: of the two clipper outputs: G and Ho 
should be equal, The mean potential of the H output is 
variable by means of R429, | 
Square wave amplitudes at the G-and H outputs should be. 
equal, too, The amplitude at His aagusted by means of 
R431, 
The values of R429 and R431 affect each other, The seleo~ 
tion should be made simmultaneously, watching the mean | 
d.0, potential and the square wave amplitude at the H out- 
put. | 
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